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UHSHDWHG DWWHPSWV WR ILQDOL]H WKH WHFKQRORJLFDO VROXWLRQV FXUUHQWO\ SUDFWLFHG LQ WKH DUHDV RI SODVWLF GHIRUPDWLRQ
>@
7KHPHWKRGWKDWEHVWUHVSRQGVWRWKHVHUHTXLUHPHQWVLVWKHILQLWHHOHPHQWDQDO\VLV)($>@
7KHVLPXODWLRQRIZLUHVGUDZLQJSURFHVVLQFDVVHWWHUROOHUGLHDOORZVWKHRSWLPL]DWLRQRIWKHVKDSHDQGSURSHUWLHV
RIZRUNLQJUROOV>@EHIRUHWKH\DUHPDGH$VDUHVXOWUHGHVLJQFRVWVFDQEHDYRLGHG

1RPHQFODWXUH
'LGVL LQLWLDOGLDPHWHURIELOOHW
'IGVI ILQDOGLDPHWHURIELOOHW
5 UROOHUVZRUNLQJUDGLXV
ȝ IULFWLRQFRHIILFLHQW

7KHGUDZLQJSURFHVVHIILFLHQF\GHSHQGVVLJQLILFDQWO\RQDSSURSULDWHVHOHFWLRQRID ODUJHQXPEHURISDUDPHWHUV
VXFKDVSURFHVVPDWHULDODQGGLH7KHFRQGLWLRQVRIGUDZLQJVHFWLRQUHGXFWLRQVWUHVVHWF WKHSURSHUWLHVRIWKH
GHIRUPHGPDWHULDOWHQVLOHVWUHQJWK\LHOGVWUHQJWKPLFURVWUXFWXUHHWFDQGWKHEUHDNLQJEHKDYLRUGXFWLOHIUDFWXUH
VOLGLQJJUDLQHWFDUHLQWHUUHODWHG>@
0XOWLSOHGUDZLQJUHTXLUHVWKHFRQVLGHUDWLRQRIVHYHUDOSURFHVVSDUDPHWHUV>@7KHVHSDUDPHWHUVDIIHFWWKH
VWUHVVHV DQG VWUDLQ GHYHORSHG LQ WKH ZLUH PDWHULDO DIIHFWLQJ ERWK HQHUJ\ FRQVXPSWLRQ DQG WKH ORFDWLRQ RI QRQ
XQLIRUPLW\VWUDLQVDQGZLUHEUHDNDJHLQFOXGLQJWKDWRIWKHSURGXFWLYLW\GUDZLQJHTXLSPHQW
7KXV LW LV QHFHVVDU\ WR GHYHORS DQ RSWLPL]HG WHFKQLTXH WR SURFHVV PXOWLSOH GUDZLQJ DQG VXJJHVW ZRUNLQJ
DUUDQJHPHQWVZLWKWKHRSWLPDOVXFFHVVLRQRIUHGXFWLRQV7KLVOHDGVWRLQFUHDVHGSURGXFWLYLW\KLJKSURGXFWTXDOLW\
DQGDOVRUHGXFHGPDQXIDFWXULQJFRVWV
7KHDLPRIWKLVSDSHULVWKH)($RIGUDZLQJZLUHZLWKFDVVHWWHUROOHUGLH
0DWHULDODQGPHWKRG
7KH'ILQLWHHOHPHQWVLPXODWLRQVRQWKLVVWXG\DUHPDGHRQWKHEDVLVRIWKHWKHRUHWLFDOFDOFXODWLRQVIURP3DUW
7KHLQIOXHQFHRISURFHVVSDUDPHWHUVRQQRQFRQYHQWLRQDOWHFKQRORJ\LQGUDZLQJFDVVHWWHUROOHUGLH
,Q RUGHU WR RSWLPL]H SDUDPHWHUV ZH IROORZHG WKH FRHIILFLHQW RI IULFWLRQ WKH UDGLXV RI ZRUN UROOV WKH LQLWLDO
GLDPHWHU RI WKH ZLUH DQG WKH RYDO SURILOH FURVV VHFWLRQ RI WKH UROO DQG WKH ILQDO GLDPHWHU RI WKH ZLUH DQG WKH
URXQGHGSURILOHFURVVVHFWLRQRIWKHUROOHU
7KHDQDO\]HGYDOXHVIRUIULFWLRQFRHIILFLHQWDUHȝ ȝ ȝ ȝ 7KHFRQVWDQWSDUDPHWHUV
RIWKLVVWXG\DUHWKHLQLWLDOGLDPHWHURIWKHELOOHW'L PPWKHILQDOGLDPHWHURIWKHELOOHW'I PPDQGWKH
ZRUNLQJ UROOHUV UDGLXV 5   PP 6LQFH WKH GLPHQVLRQV RI WKH ELOOHW ERWK EHIRUH DQG DIWHU WKH IRUPLQJ DUH
FRQVWDQWWKHUROOSURILOHFURVVVHFWLRQLVFRQVWDQWIRUERWKUROOHUVRYDODQGURXQG
7KHUROOHUVZRUNLQJUDGLXVYDOXHVVWXGLHGLV5 PP5 PP5 PP5 PP7KHFRQVWDQW
SDUDPHWHUVRIWKLVVWXG\DUHWKHLQLWLDOGLDPHWHURIWKHELOOHW'L PPWKHILQDOGLDPHWHURIWKHELOOHW'I 
PPWKHRYDODQGWKHURXQGHGSURILOHFURVVVHFWLRQRIWKHUROOHUDQGWKHIULFWLRQFRHIILFLHQWȝ 
7KHYDOXHVIRUWKHLQLWLDOGLDPHWHURIWKHZLUHLQYROYHGLQWKHDQDO\]HGSURFHVVZKHUH'L PP'L 
PP'L PP'L PP)URPWKHFDOFXODWLRQVDERYHLWLVFOHDUWKDWIRUSURSHUIXQFWLRQLQJRIWKHGHYLFHWKH
YDULDWLRQRIWKHLQLWLDOGLDPHWHURIWKHELOOHWPXVWYDU\WKHVXUIDFHRIWKHFURVVVHFWLRQRIWKHJURRYHRIWKHUROORI
RYDO7KHFRQVWDQWSDUDPHWHUVRIWKLVVWXG\DUHWKHILQDOGLDPHWHURIWKHELOOHW'I PPDQGWKHURXQGHGSURILOH
FURVVVHFWLRQRIWKHUROOHUWKHZRUNLQJUROOHUVUDGLXV5 PPDQGWKHIULFWLRQFRHIILFLHQWȝ 
)RUWKHILQDOGLDPHWHURIWKHZLUHWKHYDOXHVZHUHDQDO\]HG'I PP'I PP'I PP'I 
PP7KHFRQVWDQWSDUDPHWHUVRIWKLVVWXG\DUHWKHLQLWLDOGLDPHWHURIWKHELOOHW'L PPDQGWKHRYDOSURILOH
FURVVVHFWLRQRIWKHUROOHUWKHZRUNLQJUROOHUVUDGLXV5 PPDQGWKHIULFWLRQFRHIILFLHQWȝ 
7KHPHDVXUHPHQWVZHUHSHUIRUPHGRQWKHHOHFWURO\WLFFRSSHUZLUHVZLWKSXULW\
7KH H[SHULPHQWDO DVVHPEO\ ZDV PRGHOHG XVLQJ 6ROLG:RUNV VRIWZDUH DQG ZH XVHG ELOOHW ZLUH GUDZLQJLQ
LPSOHPHQWUROOVZLWKRYDOJURRYHUROOVZLWKURXQGJURRYHDQGVXSSRUW)LJD
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7KLVVWXG\ZDVSHUIRUPHGXVLQJILQLWHHOHPHQWDQDO\VLVVRIWZDUH)25*()($7KHUHDVRQIRURXUFKRLFH
LVWKDWVRIWZDUHDOORZVWKHXVHRIV\PPHWU\DQGWRUHGXFHFRPSXWDWLRQWLPHDQGDOVRLWXVHGDVLPSOLILHGYHUVLRQRI
ZLUHGUDZLQJGHYLFHVRLW¶VRQO\JRWRIELOOHWRQO\RIWKHZRUNUROOVDQGVXSSRUWWRTXLW)LJE

 
)LJD7KHGHYLFHZLUHGUDZLQJLQFDVVHWWHUROOHUGLHE7KHGHYLFHXVHGIRUVLPXODWLRQ

5HVXOWVDQGGLVFXVVLRQV
7KH YDULDWLRQ RI IULFWLRQ FRHIILFLHQW 7DEOH D VKRZV WKH QHFHVVLW\ WKDW SURFHVVLQJ UROOHUV KDYH GLIIHUHQW
URXJKQHVV EHFDXVH WKHEHVW ILOOLQJRQRYDO VHFWLRQRFFXUVZKHQ WKH IULFWLRQ FRHIILFLHQW  LV  DQGRQ URXQG
VHFWLRQZKHQWKLVLV
)URPWKHSLFWXUHVZHFDQHDVLO\REVHUYHWKDWWKHGHIRUPDWLRQGRHVQRWRFFXURYHUWKHHQWLUHVXUIDFHRIWKHZLUH
EHLQJOLPLWHGWRWKHFRQWDFWZLWKWKHUROOHUVVRWKDWWKHFDOLEHURIRYDOWKHGHIRUPDWLRQVWDNLQJSODFHLQWKHYHUWLFDO
GLUHFWLRQDQGWKHURXQGLQWKHKRUL]RQWDOGLUHFWLRQ
)URPWKH)LJDZHFDQREVHUYHWKDWWKHGUDZLQJIRUFHLVOHVVLQIOXHQFHGE\WKHIULFWLRQFRHIILFLHQWWKHVWXGLHG
YDOXHVDUHYHU\FORVH+RZHYHULWFDQEHVDLGWKDWZLWKLQFUHDVLQJIULFWLRQFRHIILFLHQWLQFUHDVHVGUDZLQJIRUFH
7DEOHELVUHYHDOLQJWKDWLIWKHUROOUDGLXV5 PPWKHUHLVDXQLIRUPILOOLQJRIWKHGHIRUPDWLRQSURILOH7KH
FURVVVHFWLRQDOGHIRUPDWLRQGHFUHDVHVZLWKWKHLQFUHDVHRIWKHUDGLXVRIWKHUROOHUVDQGDWWKHFRQWDFWZLUHUROOWKLV
GXHWRWKHLQFUHDVHRIJULSDQJOH
)URP WKH )LJ E ZH FDQ REVHUYHG WKDW GUDZLQJ IRUFH LV LQYHUVHO\ SURSRUWLRQDO WR WKH UDGLXV RI ZRUN UROOV
LQIOXHQWLDOIDFWRUUHPDLQLQJWKHJULSDQJOHVPDOOIRUUROOHUZLWK5 JUHDWIRU5 $QRSWLPDOYDOXHLQWKLV
FDVHZRXOGEHDSSURDFKN1
)URP7DEOHDLWLVDSSDUHQWWKDWWKHLQLWLDOGLDPHWHURIWKHZLUH'L PPEHVWILOOWKHGHIRUPDWLRQSURILOH
ERWKRQWKHRYDODQGLQURXQGRQH+HQFHLWLVDSSDUHQWWKDWWKLVSURFHVVLVVXLWDEOHIRUDQLQLWLDOGLDPHWHURIPP
WRREWDLQZLUHZLWKWKHILQDOGLDPHWHU'I PP
7KH)LJDUHYHDOVWKDWWKHGUDZLQJIRUFHLQFUHDVHVLQUDWLRZLWKWKHLQLWLDOGLDPHWHURIWKHZLUHLQFUHDVLQJ7KLV
LV EHFDXVH D KLJKHU LQLWLDO GLDPHWHU PHDQV D JUHDWHU TXDQWLW\ RI PDWHULDO LQ WKH FURVV VHFWLRQ RI WKH ZLUH WR EH
GHIRUPHG
$WFRQVWDQWLQLWLDOGLDPHWHU7DEOHEZHFDQREVHUYHGWKDWZLWKLQFUHDVLQJRIWKHURXQGJURRYH'I!PP
GHFUHDVHVWKHILOOLQJGHJUHHRIWKHSURILOHDQGWKHGHFUHDVHRIWKHJURRYH'IPPVRWKHGHIRUPHGPDWHULDO
IORZVLQWREXUU
$VLQWKHFDVHRIWKHLQLWLDOGLDPHWHURIWKHZLUHZLWKWKHLQFUHDVHRIWKHILQDOGLDPHWHURIZLUHWKHGUDZLQJIRUFH
LQFUHDVHV)LJEDOVREHFDXVHRIWKHLQFUHDVHRIWKHTXDQWLW\RIPDWHULDOWREHGHIRUPHGLQFURVVVHFWLRQ



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7DEOH7KHHYROXWLRQRIGHIRUPDWLRQVRQFURVVVHFWLRQRIWKHELOOHWIRUȝDQG5
D )RUGLIIHUHQWIULFWLRQFRHIILFLHQW E )RUGLIIHUHQWZRUNLQJUROOHUUDGLXV
)ULFWLRQ
FRHIILFLHQW
ȝ
6HFWLRQZLWKRYDO
SURILOH
6HFWLRQZLWKURXQG
SURILOH
:RUNLQJ
UROOHU
UDGLXV5
>PP@
6HFWLRQZLWKRYDOSURILOH 6HFWLRQZLWKURXQGSURILOH

 

 

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
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
 
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
)LJ7KHGUDZLQJIRUFHHYROXWLRQLQUDWLRZLWKDȝDQGE5
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7DEOH7KHHYROXWLRQRIWKHGHIRUPDWLRQVRQFURVVVHFWLRQRIWKHELOOHWIRU'LDQG'I

)LJ7KHGUDZLQJIRUFHHYROXWLRQLQUDWLRZLWKDGVLDQGEGVI
D )RUGLIIHUHQWLQLWLDOGLDPHWHURIWKHZLUH E )RUGLIIHUHQWILQDOGLDPHWHURIWKHZLUH
,QLWLDOGLDPHWHURI
WKHZLUH'L>PP@
6HFWLRQZLWKRYDO
SURILOH
6HFWLRQZLWKURXQGSURILOH )LQDOGLDPHWHURI
WKHZLUH'I>PP@
6HFWLRQZLWKRYDO
SURILOH
6HFWLRQZLWKURXQG
SURILOH

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&RQFOXVLRQV
%DVHGRQWKLVVWXG\UHDFKHGWKHIROORZLQJFRQFOXVLRQV
WKHGUDZLQJIRUFHLVGLUHFWO\SURSRUWLRQDOWRWKHFRHIILFLHQWRIIULFWLRQDQGWKHGLPHQVLRQVRIWKHLQLWLDOILQDORI
WKHZLUHDQGLQYHUVHO\SURSRUWLRQDOWRWKHUDGLXVRIWKHZRUNUROO
WKHIRUFHUHTXLUHGE\WKHGHIRUPDWLRQSURFHVVLVWKHVXPRIIRUFHVUHTXLUHGIRUHDFKGHIRUPLQJJDXJH
 WKH FURVVVHFWLRQ KDV ORZ GHIRUPDWLRQV LQ WKH PLGGOH RI WKH ZLUH DQG KLJKHU OHYHOV RI GHIRUPDWLRQ RI WKH
VXUIDFH+RZHYHUWKH\ZLOOQRWRFFXURQWKHHQWLUHVXUIDFHRIWKHZLUHEXWRQO\RQWKHSRUWLRQVLQFRQWDFWZLWKWKH
UROOHUVRYDOSURILOHLQWKHYHUWLFDOGLUHFWLRQDQGWKHKRUL]RQWDOGLUHFWLRQIRUURXQGSURILOH
RSWLPXPIULFWLRQFRHIILFLHQWIRUURXQGLVDQGIRURYDOUROOLVZKLFKPHDQVWKDWWKHWRROVVXUIDFHZLOO
EHLVSURFHVVHGZLWKGLIIHUHQWURXJKQHVV
RSWLPDOZRUNLQJUROOHUVUDGLXVDUH5 PPDQGWKHGHIRUPDWLRQIRUFHLVDSSURDFKN17KHUHVXOWVDUH
FRPSDUDEOHWRWKRVHREWDLQHGLQWKHWKHRUHWLFDOFDOFXODWLRQV3DUW
WKHRSWLPXPGLPHQVLRQVRIWKHELOOHWZHUHLQLWLDOO\PPGLDPHWHURIZLUHWRREWDLQDILQDOGLDPHWHURIPP
GLDPHWHU$OVRWKHRSWLPXPGLPHQVLRQRIWKHELOOHWZDVLQLWLDOO\PPIRUREWDLQLQJDPPILQDOGLDPHWHU
7KHFRPSDULVRQEHWZHHQGUDZLQJIRUFHDFFRUGLQJWRWKHVWURNHRIZLUHGUDZLQJLQLPSOHPHQWWRGLIIHUHQWIULFWLRQ
FRHIILFLHQWȝ ȝ ȝ ȝ GLIIHUHQWZRUNLQJUROOHUVUDGLXV5 PP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